The deprotonation of hydroc hl oride salts of peptide esters is accompli shcd using ac ti vated zinc du st. The reaction is nea t and qu antitative. Addition of a tertiary base is eliminated during the couplin g. The free amino peptide esters have been iso lated in good yield a nd purity . Thi s method is extended for the synthesis of l3-caso morphin (Tyr-Pro-Phe-Pro-Gly). During its synthesis, all the intermediate free amino pept ide esters have been isolated and c haracterized.
A classical approach in peptide synthesis is the protection of a-amino group with the acid sensitive t-butyloxycarbonyl (Boc) group introduced by Carpino. It is stable to catalytic hydroge nation, catalytic transfer hydrogenation , Na in liquid NH ) and is cleaved by anhydrous HCl in an organic solvent like ethyl acetate or THF, trifluoroacetic acid in CH 2 Ch, 98 % HCOOH, 10% H 2 S0 4 in dioxane, BF3.OEt2, etc. After its removal, it results in the formation of salts of peptide esters. Such protonated amino components formed have to be deprotonated before the coupling of the next amino acid. t-4 Thus treatment with a tertiary base for the in situ deprotonation of HCI salt of peptide ester is mandatory. In synthesis carried out in solution, it is usual practice to add the acylating agent to a mixture of the protonated amine and a tertiary base. This procedure, however, has several drawbacks: at any given time only a fraction of the amino component is available for coupling, the hydroxyl and amide protons are abstracted and the resulting anions initiate several side-reactions such as O-acylation, succinimide and glutarimide formation, diketopiperazine ring closure and racemization. 5 -10 It is also reported that the presence of salts of tertiary amines increases the degree of racemization in most of the methods of the formation of peptide bonds. II In DCC mediated coupling reactions, the formation of substantial amounts of N-acylurea has also been observed. 12 Therefore, it is desirable to eliminate the use of tertiary base in the coupling reaction.
Alternatively, the free amino components were also obtained by using several alcoholates (MeONa, EtONa) and phenolates (sodium pentachlorophenol ate) which in some cases also lead to the formation of Nacylurea. 13 Deprotonation of peptide ester salts employing an aqueous NaHCO) wash requires extraction of the resulting free amino peptide ester using an organic solvent. This is tedious and does not permit the quantitative collection of the free amine. In some instances, this also results in racemization. 14 . 15 In this context, Bodanszky and hi s co-workers recommended several alternatives to circumvent the use of a base. These include the use of Nps, Trt and Bpoc groups which can be removed by using HOBt or pentachlorophenol and conversion of formate salts of amino components using tetrazole salts, etc. Recently our group demonstrated the synthesis of peptides employing Fmoc-amino acid chlorides and Fmoc-/Boc-/Z-amino acid fluorides mediated by zinc dust. 16 This method is extended for the synthesis of dialkylamjno acids as wel!. 17 The utility of zinc dust for the introduction of Z-and Fmoc-groups employing Z-Cl and Fmoc-Cl, respectively into amino acids was also demonstrated. 18. 19 Its use in the conversion of hydrochloride salts of amino acid ester into the corresponding free amino acid esters is also explored. 20 This paper deals with the application of zinc dust for the deprotonation of HCl salts of peptide esters which permits the isolation of free amino peptide esters in Bocchemistry.
It is now found that the deprotonation of hydrochloride salts of peptide esters can be accomplished using activated zinc dust. A suspension of the protonated peptide ester in CH 2 Cl 2 or THF was stilTed with zinc dust. The reaction was monitored by TLC and IR. The deprotonation was complete in about 5 min. After the reaction, the free amino peptide ester dissolved completely in CH 2 CI 2 . The pH of the solution was also found to be neutral. The IR analysis clearly indicated a sharp doublet at 3260 cm'l which confirms complete deprotonation. After filtration of ZnCh and unreacted zinc dust, the solution containing the free amino peptide ester can be used directly in the coupling or evaporation of the solvent led to its isolation . The coupling was carried out using DCC/HOBt method employing free amino acid esters as amino components. No tertiary base was added . The deprotection of Boc group was carried out by using 3N HCI-ethyl acetate. The li st of free amino di-, tri-and tetrapeptide esters synthesized and their physical constants are given in the Table I . The HPLC profile of the pure free dipeptide (H-Ala-AlaOMe) is given in Figure 1 . During thi s process, zinc oxidizes to Zn 2 + along with the liberation of hydrogen gas. Then Zn 2 + converts to its chloride which precipitates. This method is further extended for the synthesis of p-casomorphin (Tyr-Pro-Phe-Pro-Gly) which was accomplished using the Boc group for N-protection and the DCC/HOBt method for coupling. All the intermediate HCl salts of peptide esters were deprotonated usi ng zinc dust and the resulting peptide Table I esters were isolated and characterized (the HPLC data are given in Figure 2 ) . The synthetic p-casomorphin exhibited the biological activity (opiate like properties tested by guinea pig ileum assay) simi lar to that of the natural molecule. 21 Thus, activated zinc dust can be used instead of an organic terti ary am ine for the deprotonation of the HCl salts of peptide esters. It is a simple, efficient and alternative method. The resulting free peptide esters, similar to Fmoc-/4-AMP chemistry22, can be. isolated in good yield and purity. Thus the long known demand of peptide chemists, i.e. the recommendation to use free amines rather than a combination of amine salt and terti ary base as an amino component during coupling can be met easily by this simple technique.
Experimental Section
Melting points were determined by using capillary tubes and are uncorrected. TLC analysis was carried on precoated si lica gel plates using solvent systems : (A) CHCb: methanol: acetic acid (40:2:1; v/v/v), (B ) n-butanol : acetic acid: water (4:1:1; v/v/v) and (C) CHCb : methanol (9: 1; v/v) and the Rr values are desig nated as Rr A, Rr B, RrC; respectively. IR spectra were recorded on a Nicolet model Impact 400D FT-IR spectrometer (KBr pellets, 3 cm· 1 resoluti on ).
Optical rotations were meas ured with an automatic AA-lO Polarimeter (Optical Acti vity, U.K. ). IH NMR spectra were recorded on a Bruker ACF 200 MHz spectrometer using TMS as an internal standard. RP-HPLC was carried out using a Waters LC-3000 system consisti ng of a 484 tunabl e absorbance U.V . detector and a Millipo re 745 data mod ule. Am ino acid methyl and ethyl esters were prepared us ing the methanol/SOCh procedure. The coupling was carried out by the DCC/HOB t method. 22 Deprotectio n of Boc-group was carried out using 3 N HCl -ethy l acetate following reported proced ures ?4 Zinc dust was activated by pretreatment with IN HCl which was thoroughly washed with water and acetone and dried prior to use. Deprotonation of hydrochlorid e salts of peptide esters : General procedure. To a suspension of amino ac id ester hydroc hl ori de salt (1 mmole) in T HF 00 mL) was added zinc du st (1 00 mg) in one porti on. The mixture was stirred fo r 5-10 min at r.t. After completion of the reaction, it was filtered , evapo rated ill vacuo and precipitated using dry ether to obtain free ami no peptide ester as a crystalline solid.
Coupling by the DCC/HOBt method : General procedure 23 . To an ice-cold solution of Boc-amino acid (10 mmoles) in dry THF (10 mL) was added DCC (2.0 g, 10 mmoles) and HOBt (1.35 g, 10 mmoles). A solution of free amino acid ester (10.2 mmoles) in THF (10 mL) was then added and the reaction mixture was stirred for 2-3 hr. After the completion of the reaction, the precipitated dicyclohexylurea was filtered and evaporated the solvent in vacuo. It was dissolved in CH 2 Cl 2 and washed with IN HCl (3 x 10 mL), 10% NaHC0 3 (3 x 10 mL) and then with water, dried over anhydrous Na2S04 and evaporated to an oil which was recrystallized using CH 2 Cl 2 / n-hexane.
Deprotection of Boc-group General procedure. The Boc-peptide ester (2 mmoles) was dissolved in 3 N HCI-ethyl acetate (5 mL) and stirred for 30 min. After the completion of the reaction, the solution was removed in vacuo and the oil was triturated with ether to get the peptide ester hydrochloride salt as a crystalline solid.
Synthesis of ~-casomorphin
Boc-Pro-Gly-OMe (I). To an ice-cold solution of Boc-Pro (2 .1 g, 10 mmoles) in dry THF (10 mL) was added DCC (2.0 g, 10 mmoles) and HOBt (1.35 g, 10 mmoles). A solution of H-Gly-OMe (0.89 g, 10 mmol es) in TH F (10 mL) was then added and stirred to yield 2.S g (90%) of the peptide I as a fo am; Rr A,
H-Pro-Gly-OMe (II). Boc-Pro-Gly-OMe (I, 2.5 g, 9 mmoles) was di ssolved in I N HCI-eth yl acetate (20 mL) and stirred for 30 mi n. After completion of the reaction the solution was evaporated in vacuo and the res ulting oi l was tri tu rated with ether to get the peptide ester hyd rochloride salt. Furth er, it was deprotonated using zinc dust following the general procedure to yield 1.4 g (86%) of the peptide II, m.p. H-Phe-Pro-Gly-OMe (IV). Boc-Phe-Pro-Gl yOMe (III, 2.9 g, 6.75 mmoles) was dissolved in HC1-ethyl acetate (20 mL) and stirred for 30 min . After completion of the reaction the solution was evaporated in vacuo and the resulting oil was triturated with ether to get the peptide ester hydrochloride salt. Further, it was deprotonated using zinc dust following the general procedure to yield 1. H-Pro-Phe-Pro-Gly-OMe (VI). Boc-Pro-Phe-ProGly-OMe (V, 2.3 g, 4.37 rnmoles) was dissolved in HC1-ethyl acetate (15 mL) and stirred for 30 min. After completion of the reaction the solution was evaporated in vacuo and the resulting oil was triturated with ether to get the peptide ester hydrochloride salt. Further, it was deprotonated using zinc dust following the general procedure to yield 1. 1 (c=l, CHCI 3 ) .
H-Tyr-P r o-Ph e-Pro-Gly-OMe (VIII). BocTyr(Bul)-Pro-Phe-Pro-Gly-OMe (VII, 2.0 g, 2.9 mmoles) was dissolved in HCI-ethyl acetate (15 mL) and stirred for 30 min . After completion of the reaction the solution was evaporated in vacuo and the resulting oil was triturated with ether to get the peptide ester hydrochloride salt. Further, it was deprotonated using zinc dust following the general procedure to yield 1. Tyr-P ro-Phe-Pro-Gly (IX): A solution of peptide ester (VIII, 1.18 g, 2 mmoles) in methanol (25 mL) and I N NaOH (5 mL) was stirred for 3 hr by maintainin g the pH between 8 and 9. After the completion of the reaction the solution was neutrali zed using IN HCI and the precipitated solid was filtered and dried to get 0 . 
